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Introduction
Radio-frequency identification (RFID) is the use of a wireless non-contact system that uses radio-frequency electromagnetic fields to transfer data from a tag attached to an object for the purposes of automatic identification and tracking. Some tags (i.e., passive) require no battery and are powered and read at short ranges via magnetic fields (electromagnetic induction). In contrast, active tags use a local power source to emit radio waves (at radio-frequencies). The tag contains electronically stored information which can be read from up to several yards away (1).
Radio-frequency identification tracking of equipment and/or inventory has been widely used in various business sectors and in the military to ensure product/equipment availability and delivery, minimize loss, and to facilitate business processes (e.g., supply chain management) (1-4). For example, based on the military origins of RFID for distinguishing friendly from hostile aircraft, more recent uses have involved active tracking of radioactive materials during transport (2) . Similarly, large companies such as Walmart use RFID devices widely for inventory control.
Like all large hospital systems, Cleveland Clinic faces the challenge of locating respiratory care equipment (especially ventilators) and other commonly used devices (e.g., intravenous pumps) over a large main hospital and a larger multi-hospital care system. To address this challenge, we recently designed and implemented a system (called eTrak) that tracks respiratory equipment (e.g., mechanical ventilators and non-invasive ventilator equipment) through applied RFID tags. Specific issues that prompted us to develop an RFID tracking system for mechanical ventilators and non-invasive ventilator devices throughout the Cleveland Clinic Health System included:
1. The fact that difficulty locating hospital equipment causes undesirable delays in administering care to patients.
2. The perception that when RTs spend undue time seeking the equipment they need to care for patients, time is wasted, leading to a decline in morale and engagement.
3. The erroneous assumption that misplaced equipment is permanently lost, potentially causing unnecessary expenditures for replacement.
4. The desire to locate large numbers of ventilators easily and quickly, which is critically important, especially in mass disaster scenarios and also aligns with cost-attentive imperatives for greater operational efficiency in all healthcare institutions.
5. The desire to facilitate preventive maintenance for equipment based on RFID tagging.
In the context of these needs, the current report describes the basic features of the eTrak system, early metrics of its use and impact, and some lessons based on early use.
Methods

Design of the eTrak System
The eTrak radio-frequency tracking system was developed collaboratively by the Clinical Engineering and Information Technology groups at Cleveland Clinic. Guiding principles that drove the design and that led to an in-house design were maintaining flexibility in developing the feature set and controlling costs.
The initiative began by evaluating various RFID platform technologies: Infrared, Ultrasound, Zigbee, and wireless technologies based on the 802.11 standard (WiFi). Based on an evaluation of the costs, capabilities, accuracy, and long-term supportability of the platform, it was decided to use the existing wireless network infrastructure and to base future real-time location efforts on the WiFi platform. Our approach was to utilize the existing network infrastructure as our backbone, supplement it as needed with compatible technologies to deliver RESPIRATORY CARE Paper in Press. Published on July 02, 2013 as DOI: 10.4187/respcare.02545
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room-level location, and build and extend the user interface based on ongoing feedback from our clinical users.
. Our approach was to utilize the existing network infrastructure as our backbone, supplement it as needed with compatible technologies to deliver room-level location, and build and extend the user interface based on ongoing feedback from our clinical users. This approach allowed us to get a workable location services system to learn from with a minimal investment up front. Because other institutional strategies (mobile workstations, VOIP telephony) paved the way for a location-ready wireless network, our infrastructure costs were limited to the application server and database. To provide the resiliency and performance needed for what would become a critical clinical application, we extended our existing hosting environment. Our investment in this regard was just over $100,000 as we were able to take advantage of enterprise licensing and a virtual server infrastructure. Internal resources were redeployed to focus on the initial build out of the eTrak application; it took a cross-functional team of web developers, business analysts, network engineers, and project managers 9 months to iterate through what was desirable and match that with what was possible. Through negotiation, an inventory of RFID tags with various capabilities was acquired for an average cost of $60 per tag. Given the experimental nature of our program, these costs were not charged back to departments that used the tags.
The eTrak system allows all RTs to log onto a web site to produce a map of the location of all ventilators in real time (Figure 1 ). Because equipment is characterized in eTrak by its type, model, and special features, the system allows users to locate specific types of equipment, e.g., a specific model of a ventilator with specific features, like a Drager Evita XL with SmartCare, etc.
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Core functional components of the eTrak system include:
• User log-on and user management.
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The ability to "find more" of a particular asset. For instance, if a patient requires the particular capabilities of a particular ventilator type, the RT can locate other similar ventilators in the hospital by clicking a button.
RFID tags were strategically placed on each piece of equipment to prevent loss or damage to the tags. The preferred method of securing the tags was using a heavy-duty zip tie in a discrete but easily accessible location ( Figure 2A ). If no such location existed (i.e., small CPAP units), a heavy-duty Velcro-like product ("Dual-Lock," 3M, Minneapolis, MN) was used ( Figure   2B ). This has proved to be the strongest method for attaching the tag if a zip tie could not be used. Both methods allowed for easy tag removal and battery replacement. Care was taken to affix the tag to the machine itself and not to a stand or cart. This prevents a piece of equipment from being placed on a cart with the incorrect RFID tag.
Results
Early Experience Using the eTrak System
The impetus for implementing an RFID system was widespread dissatisfaction by respiratory therapists (RTs) with the time spent in searching for equipment, as demonstrated by low employee engagement scores (using the Gallup Corporation instrument; Gallup, Inc., Washington, D.C., U.S.A.) regarding the specific question: "I have the materials and equipment I need to do my work." Fifty percent of respondents to this question responded "no." Further inquiry by a focused survey within RT Departments indicated that inability to locate mechanical RESPIRATORY CARE Paper in Press. Published on July 02, 2013 as DOI: 10.4187/respcare.02545
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ventilators and bi-level noninvasive ventilators was responsible for most of this expressed dissatisfaction, with up to 20% of respondents indicating that equipment was too hard to find.
Design and Roll-Out of the eTrak System
The Cleveland Clinic Health System (CCHS) consists of a main campus hospital and 8 regional hospitals within Northeast Ohio. In implementing eTrak at all CCHS hospitals, we undertook to tag 218 ventilators and 82 non-invasive ventilator devices (e.g., bi-level noninvasive ventilators) with active RFID devices. was undertaken by a team of RTs and was completed over 8 weeks. Non-respiratory devices (e.g., deaf talk machines, computers on wheels, intravenous pumps, wound vacuum units, rental beds and equipment, and various patient monitors) were also tagged. Altogether, more than 8,000 items were tagged for tracking a total of 135 different types of equipment.
Various strategies were undertaken to announce the availability of eTrak use. For example, a series of "in service" talks were delivered to potential users. One-page training aids, as well as short "how to" video features were also prepared.
Impact of the eTrak System
Over the period from June 2012 to February 2013, we recorded 145 (+ 29) log-ons (mean ± standard deviation) to the eTrak system weekly (Figure 3 ). The number peaked at 202 log- Baseline (pre-implementation) measurement included the time required to find a mechanical ventilator (i.e., the time from the RT's being notified of the need for the equipment to care for a patient and actually physically procuring it), which was undertaken by a survey of 25 staff RTs (including supervisors) at the Cleveland Clinic main hospital (of 300 total main campus RTs, 8 %). These RTs agreed to prospectively log the aforementioned times, which were collected and analyzed, both before and after eTrak installation. Implementation of the eTrak system was associated with a significant shortening of the time needed to locate mechanical ventilators by RTs (Figure 4) . Specifically, before implementation, the median time was 18 minutes (range 1 -45 minutes) and decreased to 3 minutes post-eTrak (range 1-6 minutes, p <0.001, Mann Whitney Rank Sum test).
To assess the impact of eTrak on RTs' perceptions regarding equipment availability, two respiratory care departments at the Cleveland Clinic main campus (in the Anesthesia and Respiratory Institutes, respectively) were surveyed before and again after implementing the eTrak system. The "pre" survey was conducted during the first quarter of 2010 (n = 69 This initial struggle with decreased battery life led to decreased enthusiasm from the staff in realizing the usefulness of the system. Some users reported problems with the software, citing difficulties with log-on procedures and occasional inaccuracy of the indicated device location.
However, we cannot be sure to what extent this reflects user error versus software bugs.
As a qualifying point, data within the eTrak system (i.e., serial numbers and 12-digit tag MAC [media access control] address, a unique identifier assigned to network interfaces for communications on the Intranet), must be manually entered into the system. In a large facility such as ours, this means hundreds of lines of data entry. The reliability of the data relies on these data being entered mistake-free. As the tag was placed on a machine, the person placing the tag transcribed the machine and tag information and sent that via email to a designated person to be entered into eTrak. Although none was observed, the possibility for error is evident.
Discussion
Early experience with an RFID program for healthcare equipment at the Cleveland Clinic shows that use of the internally developed, so-called eTrak system significantly shortened the time needed for RTs to find a mechanical ventilator. Given the mean observed time savings in locating a mechanical ventilator using eTrak (15 minutes/ventilator), RTs seeking 4 mechanical ventilators over the course of an 8-hour shift would have saved 1 hour (12.5% time savings). Also, though not achieving statistical significance, associated trends toward improved RT satisfaction regarding having the equipment needed to perform one's job were also observed.
While our observations are preliminary, they extend the relatively sparse available experience with RFID related to respiratory therapy. There are many reports of RFID use in healthcare in general (2-9) As a case in point, at Nemours Children's Hospital (Orlando, FL), RESPIRATORY CARE Paper in Press. Published on July 02, 2013 as DOI: 10.4187/respcare.02545
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RFID supports the concept of a single logistics center for the hospital from which to monitor and run operations. Interest in the technology seems high, as it has potential to be applied beyond asset location to temperature and humidity monitoring as well as to improving patient and clinician workflows. Scattered reports also describe using RFID technology to detect retained surgical sponges (6, 9) , to monitor endotracheal tube position (8) , and for recording operating room timestamps (7). However, except for a laboratory-based study which reported the ability of RFID tags on ventilators to cause electromagnetic interference (4), we are unaware of any specific reports of using RFID technology to tag mechanical ventilators. Also, only a few reports describe hospital-wide application of RFID technology. For example, Britton (2) has summarized experience at 6 other institutions and a pilot experience at his own hospital, the Royal Alexandra Hospital in Renfrewshire, United Kingdom (2). At the Bon Secours Health System in Virginia, RFID labeling of 12,000 pieces of equipment was undertaken at 3 separate hospitals, with reported benefits of decreasing by 30 minutes per shift the time that nurses spent searching for equipment and decreasing equipment disappearance. At the Advocate Good Shepherd Hospital in Illinois and the Holy Name Society Hospital in New Jersey, RFID tracking programs were implemented (without statement of results) and at St. Vincent's Hospital in Alabama, an RFID program was undertaken to track and manage surgical instruments, e.g., for location, sterilization, and maintenance. Again, no specific data were cited regarding outcomes or the impact of this RFID program. In another example of RFID use in healthcare, Roberti (10) described use of 1900 active RFID tags in a 500-bed Georgia hospital to cover 75% of the million square feet of the facility. Whether ventilators were tagged was not stated. Taken together, the promise conferred by RFID tagging ventilators aligns with a larger trend to use
Epub ahead of print papers have been peer-reviewed and accepted for publication but are posted before being copy edited and proofread, and as a result, may differ substantially when published in final version in the online and print editions of RESPIRATORY CARE. (13) reviewed RFID applications, perceived benefits, and barriers to adoption. They also described critical success factors and concluded that RFID technology in healthcare is still in the infancy stage, compared with that in other areas of application. Regarding implementation, Ting et al. (14) reported that most of the literature focuses on the benefits of RFID in healthcare with little attention to project management issues. Their paper provides a case study that illustrates the developmental framework and 23 critical issues that must be taken into consideration in the preparation, implementation, and maintenance stages of an RFID project. They concluded that the task is complex, with many challenges remaining unaddressed and they cited 5 areas for future research. Finally, Boulos and Berry (15) reported a state-of-the-art review of real-time locating systems using various technologies including light, camera, infrared, sound, ultrasound, Bluetooth, Wi-Fi and RFID. They listed 12 examples of mobile assets related to respiratory care that can be tracked.
Our data contribute to the available literature on RFID in healthcare in four ways. First, we report experience with a new, locally designed RFID system. Second, this RFID tracking program was implemented in a large academic medical center. Third, to our knowledge, ours is the first report of tagging mechanical ventilators and CPAP devices. Finally, we report RESPIRATORY CARE Paper in Press. Published on July 02, 2013 as DOI: 10.4187/respcare.02545
quantitative data regarding the impact of the RFID program on the time needed to find the equipment as well as engagement scores before vs. after implementing the system. Our experience has also provided an opportunity to learn and share some recommendations about implementing an RFID system that may have value for others. These recommendations are: 1) when designing the system and its use characteristics, set the active tag signaling to maximize battery life. Short-lived batteries create a time-intensive burden for system maintenance, 2) plan for system maintenance and monitoring needs, 3) roll out implementation in a phased way, with small groups "going live" sequentially, and 4) plan for and design the metrics that will be used to assess system input so as to assure their availability before and after implementing the system. Several limitations of this study warrant comment. First, though the eTrak system is adaptable to a variety of settings, our study does not address the generalizability of our findings to other settings, e.g., regarding the system's impact on locating equipment. Furthermore, our data regarding the time interval between the RT's being notified of the need for equipment and finding it was based on a small sample from the main Cleveland Clinic hospital but not from other hospitals in our system. Such a comparison with larger groups and between hospitals within our system will be the subject of further inquiry. Second, as a pilot experience, our study necessarily leaves unanswered several important questions, e.g., what is the rate of adoption in settings other than that in which the system was developed? What is the cost-effectiveness of RFID tracking? Though a robust analysis of cost-effectiveness is clearly not available from this study, the savings of 1 hour of RT time per shift permits a crude estimate of the breakeven for adopting the eTrak system. At an average staffing of 100 RTs daily earning an average salary of $59,416 per year (16) , implementation of the eTrak system is associated with capturing 
